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ABSTRACT
- 11
In emulsion literature, it has been stated that silver iodobromide emulsions
20
can be sensitized more efficiently than pure silver bromide. Recently, work has
been published comparing the two emulsion types, using single jet emulsions with
high internal versus surface sensitivity. Tani found that when the internal /
surface sensitivity ratio increased because of the addition of iodide, the ratio
5
of sulfur sensitization also increased. This showed that the increase in sensitivity
upon chemical sensitization was greater for the iodobromide emulsion, and can be
explained by the lower sensitivity of the unsensitized silver iodobromide. In
this experiment, internal sensitivity will be minimized by using a monodisperse,
double jet procedure during emulsion precipitation, and the surface sensitivity will
be studied before and after sulfur sensitization.
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INTRODUCTION
The statement that silver iodobromide can be sulfur sensitized more effic
iently than silver bromide can be found in emulsion chemistry references, and is
an assumption used by emulsion chemists. Unfortunatly, there is little published
quantitative data on this fact, or supporting data on the theory involved. In
recent literature, Tani has worked with an emulsion system with high internal
sensitivity. In this system, both emulsions were sulfur sensitized, and
thier
maximum sensitization occured at approximatly the same level, -which contradicts
the opening statement. This is so because in an AgBrI crystal, the internal
sensitivity is large compared to the surface sensitivity because of crystal defects
produced by the addition of iodide into the crystal lattice. In a pure silver
bromide crystal however, the internal sensitivity is slightly lower than the surface
sensitivity. In this experiment, internal sensitivity will be kept to a minimum
through precipitation techniques so that the surface sensitivity may be studied,
before, during, and after sulfur sensitization. When the internal sensitivity is
kept low with respect to the surface sensitivity in each emulsion, we are not sure
how they will sulfur sensitize. The two emulsions may exhibit a difference in
maximum sulfur sensitization, and this would be the previously mentioned hypothesis
on which this experiment is based. If there is a difference in sensitivity, we
would like to measure the change if it is statistically significant. It must be
noted that both emulsions could sensitize to the same level, which would provide
no change in emulsion sensitivity. This possibility iwould reject the above hypoth
esis, and show that there is no difference in sulfur sensitization between AgBr
and AgBrI for a double jet emulsion.
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The sensitivity of a photographic emulsion may be divided into two separate
classifications. When an exposed emulsion is developed in a solution utilizing
latent image specks at the grain surface, the surface sensitivity is being examined.
However, when the surface image is bleached away from the crystal and a silver halide
solvent developer is used, the internal sensitivity of the crystal can be examined.
The relationship of internal to surface sensitivity and how they are affected
by sulfur sensitization is of importance in this experiment. It has previously
been seen that as sulfur sensitization increases the crystal surface sensitivity,
the internal sensitivity decreases. In addition, the internal sensitivity may be
modified by appropriate precipitation techniques, -which proves to be important, since
we want to produce emulsions with minimum internal sensitivity.
Tani has published data using emulsions of high internal sensitivity as compared
to surface sensitivity. His results are summarized in graph 1 for sensitivity tests
on AgBr and AgBrI emulsions. The outline shows how this experiment will differ
from Tani's work by the minimization of internal sensitivity.
SURFACE/INTERNAL SENSITIVITY COMPETITION EFFECTS
The effect of sulfur sensitization on surface and internal sensitivity reveals
the existance of competition between surface and internal sites for electrons pro-
3
duced by exposure. Various competition effects suggest the possibility that grains
of high sensitivity upon surface image development are of low sensitivity upon
internal image development. The capture of photoelectrons in the interior of grains
is one of the most important obstacles to latent image formation at the grain
surface, and this fact is sensitive to the introduction of electron traps on the
surface. This is shown by the fact that in a primitive emulsion, the internal
sensitivity is greater or at least nearly equal to the surface sensitivity, except
when internal disorder is held to an absolute minimum. Graph 2 demonstrates the
surface / internal competition effect. From the graph, one can see that as the
surface sensitivity approaches a maximum during sulfur sensitization, the internal
sensitivity rapidly decreases. This shows that sulfur sensitization seems to be
changing the probablistic mechanisms of latent image formation. To examine the
M>
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physics of the surface / internal competitions, we must examine the Gurney-
Mott mechanism of latent image formation. Graph 3 shows the three major steps
in latent image formation. In part 1, we examine the formation of photoproducts,
(i.e. photoelectrons and photoholes) during exposure to light. We are actually
looking at the optical absorption -which can be defined as the transition of an
electron from the valance band to the conduction band. Initial absorption creates
photoelectrons and photoholes with high efficiency. For each absorbed photon,
almost one pair of photoproducts are formed, -which gives us a quantum efficiency
of 0.8 for AgBr. To understand part 1 of this mechanism using the diagram, the








Optical Absorption : Br >
h+e~
-0- state not occupied by an electron
-- state occupied by an electron
Conduction Band - empty normally, electron motion possible
Valance Band - normally full, hole motion possible
Ey
- photoemission threshold, measured by photoemission
E - forbidden energy gap, measured by optical absorption
When the electron is excited from the valance band to the conduction band
upon optical absorption, it may be held locally in a shallow trap, for the majority
of its lifetime, until it is permanently trapped in a deep defect site. However,
recombination may occur when the hole reunites with the mobile electron. Hamilton
8
and Bayer have described the probability of these occurances with respect to one
another. As shown in graph 3> deep and shallow defect states can be referred to
as gap states, since thier energy levels do not occur in either the conduction or
valance band, but in the forbidden gap area. It can be noticed that the deep defect
sites have greater differences in energy away from the conduction band than the
shallow traps. In general, gap states due to defects or impurities can act as the
following :
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1.) shallow traps for electrons (
e~
)
2.) deep traps for electrons and holes (
e~
+ h )
3.) recombination centers for electrons and holes
The properties of the electron and hole reactions can be governed by thier
lifetimes and mobilities.
In part 2 of this diagram, electrons migrate to preferential sites and are
localized. The validity and exact mechanism of this step is still under consid
erable debate. In part 3, interstitial silver ions migrate to the site of the
trapped electron, forming a silver atom. Hamilton and Bayer, showed a flow
diagram for the latent image formation process, in which the processes of nuc
leation and growth are examined, along with the critical size of a latent image
site.
Now, with an understanding of the latent image formation process, we can
look at the reasons which promote high internal sensitivity in an AgBr crystal.
o
There are basically four conditions that could produce these effects :
1.) internal traps are more numerous than surface traps, or they have a
longer cross section.
2.) the internal traps are deeper than surface traps. For an explanation
of these types of traps, diagrams can be found in the appendix.
3.) the ion step is more rapid in the interior.
lu.) single atoms of silver are more stable in the interior than on the
surface. Environmental conditions may control this.
From the mechanisms observed here, we can deduce the reasons for the comp
etition effect. The main reason for this is the increase of electron traps at
the surface of the crystal during sulfur sensitization -while the internal defect
electron trap concentration remains constant. These results are very clearly
shown, but the mechanisms involved are still relatively uncertain. Since the
surface of the crystal can now compete to a greater degree for electrons produced
by exposure, the results shown in graph 2 make sense. Some papers have tried to
describe the detailed mechanisms of this and related processes by the use of
probabilistic mathematics and computer simulation.
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In order to examine the internal latent image, surface latent ima?;e must
be destroyed before development. In this experiment, a ferricyanide bleach
bath is used. In an optimum bleach system, a pure chemical developer, i.e.
having no solvent action, recrystallization, or cracking properties, should
\1
no longer produce density on the grain. Even though we are seperatmg internal
versus surface latent image on the basis of physical location, the practical
application of the concepts depends on a definition of experimental conditions.




three criteria for measuring the suitability of bleach baths :
A) The bleach should destroy the surface latent image completely
- there
should be no development in a non-solvent, non-cracking developer
after bleaching.
B) The speed of the internal image developer should be independant of the
precise bleaching conditions. The amount of internal image should be
constant over a reasonable range of bleach cone, time, ect.
C) The bleach should give the highest possible level of internal image,
since this will give the most precise information.
In some cases, ferricyanide bleach can cause fog, and it can latensify the
internal latent image. When the latent image is oxidized, it must pass through
a stage of being a single silver atom, which is unstable. If the disintegration
of the silver atom into a silver ion and a mobile electron proceeds more rapidly
than the atom can be oxidized by the bleach, mobile electrons are released into
the conduction band -where they can be collected at a suitable center and convert
an undevelopable latent sub-image or fog center into a developable one. James
and Fortmiller, found that this could be suppressed although not eliminated by
phenosafranine, because it is an efficient desensitizing dye inhich is capable of
IS
trapping mobile electrons. Also, Malinowski and Karadjow noted that thorough
washing can be important for reproducable results -when using a ferricyanide
bleach. To test these bleaching and development systems, Kodak film Fine Grain
Positive was used as test emulsions. A bleaching time plot may be found in the
appendix. In this system, almost 90$ of the surface latent image was destroyed
after two minutes contact with the bleach, but to remove the last 10$, another
eight minutes was required.
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An exponential curve fit reveals the following relationship :
- 0.65 X
y = 1.76 e where y = maximum density
- base plus fog
x - bleach time
This test showed that Sutherns' first two criteria were satisfied. To
test Sutherns' third criteria more data was needed. The bleach must not affect
the internal latent image while it is destroying the surface latent image. Fine
Grain Positive strips were bleached for 6, 10, and lit minutes and then developed
in Internal developer 2 for 6 minutes. Correlating this data with the surface
latent image destruction data, I found no significant difference in density
produced by internal latent image development. The following table lists the




Sodium Sulfite 90.0 g
Hydroquinone 8.0 g
Sodium Carbonate 52.5 g
Potassium Bromide 5.0 g
Potassium Iodide 0.6 g
Distilled Water 1.0 1
Bleach Bath 1
Potassium Ferricyanide 3.0 g
Phenosafranine 0.0125 g
Distilled Water 1.0 1
Surface Developer 1
Metol -2.5 g
d-Isoascorbic acid 10.0 g
Potassium Bromide 1,0 g
Kodalk 35.0 g
Distilled Water 1.0 1
The internal developer is used after the exposed emulsion has been treated
in the bleach bath, and washed. After internal development, the emulsion is
processed normally in a stop bath, fixer, and clearing bath. Complete sensitometric
data on emulsions that were used to test these systems may be found in Interim
Report 1.
Surface development is usually the easiest of these processing steps to carry
out reliabily. These are non-solvent developers with very low concentrations of
sodium sulfite and sometimes none at all. Since silver halides are slightly
soluble in water, the development times must not be prolonged.
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EMULSION DESIGN
Both of these emulsions were produced using a double jet, monodisperse
procedure, in two liter quantities. These main two liter
batches produced
the needed coagulate for all the testing. This procedure was used to elim
inate the batch to batch variability of making more than one precipitation
per emulsion type. All materials were emulsion grade and can be found in the
appendix.




































































H2S0^ 0.10 N 105.0 ml 130.0 ml
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Originally, the run times were to match, for each emulsion type. But due
to a broken capillary tube after the AgBr precipitation, a suitable match was
lost and the AgBrI times had to be changed. The times between the individual
component run times were matched very well for each emulsion with less than 1%
error, but there was a 35$ difference in the precipitation times between the two
types of emulsions. The silver iodobromide run time was short, but not enough to
cause concern. This could cause a difference in the grain size frequency dist
ributions though, and it is seen later that there was a change in the point where
nucleation was stopped between the two emulsions. This may have been the cause.
The temperature of the precipitation was controlled by a constant temperature
bath, and the run solutions were pre-heated before they were put in the seperatory
funnels. A turbine stirrer provided constant, fast stirring for the entire process.
All of these factors were monitored during the procedure with three #1A safelights
because the emulsion sensitivity is extremely low at this point. The tubing used
in the precipitation apparatus was checked to make sure that sulfur contamination
would not be a problem. When the runs were completed, isopropyl alcohol was added
to break the froth and the emulsions were coagulated with sulfuric acid. The beakers
were then stored in the refrigerator for a day, to be certain that the coagulum
is seperated from the wash solution. Then they were drained and stored in distilled
water until the grain size frequency distributions could be completed.
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Grain Size Frequency Distribution Analysis
Since the sensitivity differences between the two emulsions are to be
examined, I had to be sure that the grain size frequency distributions match.
The precipitation technique used was designed to provide a narrow range of grain
sizes, with a symmetric, gaussian distribution. The size of the crystals produced
caused a problem in the analysis of the distributions, because they were too small
to be measured with an optical microscope. Since greater magnifications were
needed, the RIT Hitachi HS-7S Electron Microscope was used, with the help of the
College of Science. Both emulsions were photographed at 28,000 X, and these
negatives produced prints with magnifications up to 180,000 X. The prints were
measured with a calibrated template, and the average diameters were calculated.
Graphs it and 5 show the Grain Size Frequency Distributions provided by this analysis.
Because thermal drift was encountered in the Formvar coated speciman grids, some
of the 180,000 X prints were not very sharp, and I worried about "empty
magnification"
with these prints. To check these results, I examined the original negatives under
the Nikon Measurescope measuring microscope, and used the calibrated stage to
determine a more accurate measurement of the diameters. These results are shown
in graph 6. The calculations for these distributions are as follows :
TABLE 3










Silver Iodobromide Main Emulsion
Size Range 0.057 um
Distribution Median 0.100 um
Distribution Mean 0.093 um
Standard Deviation 0.01U8
to 0.121 um
The silver bromide distribution matched the predicted distribution for the procedure
- 13 -
,








This distribution is symmetrical about its median, which is also the arith
metic mean, and the width is controlled by the standard deviation.
The silver iodobromide emulsion should have been the same type of distribution
as the first, but it is obviously not symmetrical, and is skewed to the left. This





- ln M) / 2 ln S
Even though both distributions do not match each other in shape, this may not
jae important because a skew to the left is much less important than a skew to the
right for this emulsion. If the distribution was skewed right, there would be
many crystals larger than the mean size, and this would increase sensitivity.
The skew left was probably caused by a problem in the control of the precipitation
procedures, which prevented nucleation from stopping as quickly as in the AgBr
emulsion. There could be many causes for this variance, such as error in the
bromide ion concentration, temperature change, or run-time solution error.
These smaller crystals should not greatly change the sensitivity of the emulsion,
but this difference should be kept in mind. The prints used in this analysis can
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GRAIN SIZE FREQUENCY DISTRIBUTIONS GRAPH 6
Silver Bromide Main Emulsion
Measurescope data 28,000 X
O.Of O.Ob 0,08 o.to
Average Diameter
o.lZ
Silver Iodobromide Main Emulsion
Measurescope data 28,000 X




Once the grain size frequency distributions were calculated, and a match
was determined, primitive samples of each emulsion were coated, and a sulfur
sensitization time series was run.
Table k Redispersion Data
Total Raw Coagulum (Drained)
--U









75.U0 g 90.80 g
2U.00 g 2U.00 g
390.00 ml 390.00 ml
10.00 ml 12.00 ml




100 ml emulsion (finished)
2 ml of 1% Saponin Solution
Sulfur Sensitization Time Series
Based on the sensitizer Na2S20o # 5 H?0
Concentration : 0.035 grams / 100 ml
Time of coatings : 30, 60, 90 minutes.
These coatings are used to measure
internal and surface sensitivity.




Temperature : 55 C.
Both emulsions were redispersed, and were then coated in succession, alternately,
with the help of Dr. Carroll. Two full strips were coated for each primitive
emulsion, and one strip for each time series. Ten coatings were produced in all
on this run. Next, the optimum sulfur sensitization was calculated, and another
series was coated with the remaining coagulate, providing more primitive emulsions
and the sulfur sensitized emulsions needed for the final analysis.
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To begin the analysis, samples from each emulsion were developed together
in Kodak developer D-19 to determine thier relative speeds with respect to one
another. I wanted to make sure that all the strips, sensitized and unsensitized,
could be exposed at the same level to make sure that reciprocity effects would
not be encountered. The required illuminance incident at the density wedge was
1700 meter-candles, and the exposure time was 2lt0 seconds, which gives us an
-5
incident exposure of It.08 * 10 meter-candle-seconds. The emulsion is semi-
transparent due to the average grain size which approaches Lippman grain sizes.
The calculated speeds of these emulsions reflects the amount of exposure needed
to produce a stepped image through a 0.15 log increment step tablet. Graphs 7,
8, and 9 shows the combined primitive emulsions and sulfur sensitization time
series for the silver bromide and iodobromide emulsions.
Graph 10 shows the change in speed and contrast during sulfur sensitization
for both emulsions. All of these tests used D-19 as a developer. From these
plots it can be seen that maximum sensitization occurs at the 90 minute time
level. To be sure, the remaining emulsion was sensitized to 105 minutes and
analyzed. These strips showed no increase in speed or contrast, but suprisingly
showed no increase in fog either. Usually speed and contrast increases up to the
point of maximum sensitization, where they will begin to decrease as fog increases.
Graph 11 shows surface versus internal development for both emulsions with
a time series. The time series was originally going to be used to match develop
ment times between the two emulsions. The silver iodobromide emulsion should
develop slower than the silver bromide, and the develooment times were to be
matched at a fraction of gamma infinity. Due to the very low contrast of the
AgBr emulsion as compared to the AgBrI, this was not possible.
As shown in graph 11, the internal sensitivity is to low to be able to record
for the both of these emulsions. Only the primitive emulsions were tested for
internal sensitivity since the sensitized emulsions would have much less internal
sensitivity, and I am only interested in the maximum amount of internal sensitivity
that is present in any of these emulsions. An important point is now discovered.
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Since the internal sensitivity of both emulsions is indeed zero,
there is no problem with using a high activity developer such as Kodak
D-19, since this will act as a surface developer. Surface developer 1
was tested against D-19, and it was shown that the SD-1 produced speed
losses, even at long development times as compared to D-19. Because of
this D-19 has been used for all the final sensitivity tests. This will
give us the optimum speed of all the emulsions, and our development will
not be as dependant on time. This means that there will not be a need
to match development times at a fraction of gamma infinity. Development
in D-19 for five to six minutes will give us the optimum estimate of
speed before fog begins to increase.
- 20 -
SULRJR SENSITIZATION TIME SERIES GRAPH 7
Silver Bromide
Silver Iodobromide










SILVER BROMIDE SULFUR SENSITIZATION TIME SERIES
10.0 ml of 0.0350 grams / 100 ml Na2S23
* ^H2
Emulsion pH - 6,2





SILVER IODOBROMIDE SULFUR SENSITIZATION TIME SERIES
10.0 ml of 0.0350 grams / 100 ml Na2S203
* 5 HgO


























































The four final characteristic curves are displayed in graph 12, and
the sensitometric and spectral analysis is listed below. The sample size
used to compute the averages and standard deviations was ten. There is
concern over the AgBrI primitive emulsion data, because of its high speed,
























Spectral Analysis AgBr AgBrI
Relative Quanta Absorbed
Ratio : AgBrI / AgBr
1582 1*282
2.71
After reviewing the emulsion formulas, it was found that too little
potassium iodide was used to replace potassium bromide, in the AgBrI emulsion,
which caused a decrease in the total halide concentration. This allowed the
precipitation running solutions to approach the equivalence point. This meant
that a constant level of excess bromide was not maintained, which is an
important condition for a double-jet, monodisperse, octehedral precipitation.
The error caused a decrease in emulsion pAg, and may have been the reason for
the left handed skew in the AgBrI grain size frequency distribution. This
skew indicated that nucleation was not properly controlled, which caused the
distribution standard deviation to increase. , Therefore, I cannot tell if the
AgBrI emulsion is a truly monodisperse emulsion. Also, I had intended this
emulsion to be 5$ iodide, but due to the error, there was only a 3.6 mole %
iodide replacement.
Graphs 13 and li* show the reflection and transmittion curves for each
emulsion, recorded on the Beckman Ratio Recording Spectrophotometer. These
curves were used to calculate the spectral absorption curves for each emulsion.
The percentage transmittion and reflection are added together and then sub-
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tracted from 100$ to get the absorption curves, shown in graph 15. The
relation that absorbed quanta equals absorbed energy times the wavelength
is used to calculate the spectral difference between these two emulsions.
Since sulfur sensitization does not increase an emulsions spectral sens
itivity, only the primitive emulsions were tested.
It should be noticed that the 90 sulfur sensitized emulsions have a
speed ratio of only 1.5 / 1,0 while showing similar contrasts, when the
primitive emulsions show a speed ratio of 3.0 / 1,0. For the sensitized
coatings, this sensitized ratio is less than would be predicted from the
relative absorptions of the coatings for the light of color temperature of
the sensitometric source
, expressed in absorbed quanta . This analysis used
Frieser'
s postulation that the relative quantum sensitivity is constant over
the region of silver halide absorption, assuming that the coating thickness
is constant.
The size distributions of the two sets of emulsion microcrystals will
also have an effect on sensitivity, and this may be included in the 3 / 1
speed ratio of the primitive emulsions. The silver iodobromide had a slightly
higher average crystal diameter, by about 0.003 microns, but since we are
considering absorption differences, we must consider the crystal volume, and
not the diameter. The actual difference in sensitivity would be a function
of the diameter difference cubed.
The size distribution and spectral absorption differences explain much
of the difference between the AgBr and AgBrI emulsions, but the low pAg of
the AgBrI emulsion should still be examined. As stated before, the low pAg
of the emulsion is increasing the chances for accidental reduction sensitization.
The AgBrI emulsion probably did reduction sensitize to a small degree before
sulfur sensitization due to the problem with the underestimated potassium
iodide concentration. It had to be determined to what extent the emulsion
did reduction sensitize, and there are several ways to bleach sensitization
centers. Lowe, Jones, and Roberts found that a ferricyanide bath would
remove reduction sensitization and not sulfur sensitization. In this case,
-27-
it is desireable to know whether any type of sensitization has occured.
This type of reduction sensitization is known as silver digestion. There
is a reaction with inert gelatin, which has been shown by Wood, Tani, and
Moisar independantly. In this experiment, a dilute bromine solution is
used to destroy sulfur and reduction sensitization in the AgBrI primitive
emulsion before exposure.
Graphs 16 shows the first tests to determine whether or not accidental
sensitization has occured. A 1% bromine solution was used to destroy any
sensitization, and a 1$ sodium sulfite bath was used as a wash to clear the
emulsion. If bromine was left in the emulsion, even in small concentrations,
it would act as a strong desensitizer. In these tests however, instead of
equalling or lowering the test emulsion sensitivities past the control, a
large speed increase is discovered. It seems that sensitization has occured
in these pre-exposure baths. Carroll and Hubbard found that sodium sulfite
could act as a powerful sensitizer, but it is not been determined whether
it is acting as a reduction sensitizer, or a halogen acceptor. There is
little data, if any, describing this sensitization of a finished, coated
emulsion. To pinpoint this sensitization effect, sodium sulfite was tested
alone. These results are shown in graph 17. It is clear that sodium sulfite
is sensitizing the AgBrI primitive emulsion to a great degree. This shows
that the low pAg of this emulsion definatly makes it prone to reduction
sensitization, but we are unable to determine whether or not accidental
reduction sensitization occured during precipitation. I continued these
tests, and the results are shown in graph 18. Dr. Carroll suggested that
1% potassium bromide be incorporated in the sodium sulfite wash solution.
If the sodium sulfite is acting as a halogen acceptor, the bromide ions may
counteract this effect. The sulfite and bromide bath still sensitized the
emulsion as compared to the control, but from these results, it is seen
that the bromine acts as a severe desensitizer. T/Vhen only a water wash is
used to remove the bromine, all emulsion sensitivity is destroyed, as is
- 28 -
shown in curves 3, It, and 5. This leaves us with an interesting result.
The bromine bath is strong enough to completly destroy the entire emulsion
sensitivity, even at one quarter strength, (l/lt ml per liter), while the
sodium sulfite 1% solution can not only return all the original sensitivity,
but add on a great deal of extra sensitization on its own. This sodium
sulfite sensitization can act as an extremely powerful sensitizer which is
what Carroll and Hubbard found, although these are different circumstances.
Becauseof these problems, it could not be determined whether or not accid
ental reduction or sulfur sensitization occured during precipitation.
- 29 -
SUMMARY / CONCLUSIONS
With these facts, I find no indication that sulfur sensitization of
the iodobromide emulsion was more efficient, contrary to the common belief
that there is a difference. This shows that there is an inherent difference
in the effects of sulfur sensitization between a single and double jet
emulsion. The observed difference in a single jet emulsion is explained
by the higher ratio of sensitized to primitive emulsion sensitivities,
caused by the greater internal sensitivity of the silver iodobromide, as
found by Tani.
Tani has independantly observed that the chemical sensitization of
monodisperse emulsions was not more efficient than pure bromides. The
two emulsions tested in this experiment had extremely low internal sens
itivity, so that changes in the surface sensitivity could be examined,

























Tani's system after sulfur sensitization
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These diagrams show the results from this experiment, and how they
compare to Tani's work. When looking at these diagrams, it is clear to
see how the high internal sensitivity in Tani's emulsions produced the
difference in ratios, while in the experimental emulsions, the internal
sensitivity was kept at a minimum, and no ratio differences were recorded,
after the iodobromide was corrected for the iodide concentration error,
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AgBrI Primitive - Destruction of Possible Chemical Sensitization.
Bromine Sodium Sulfite Wash D-19
CONTROL 0 0 0 ii min.
Curve 1 2 min. h min. h min. Il min.
Curve 2 h min. h min. h min. ii min.
Curve 3 6 min. it min. ii min. h min.
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Recommendations for future work
There is very little published data on the difference in sulfur sens
itization on silver bromide and silver iodobromide emulsions. This area of
study needs to be improved, and this can be accomplished at RIT. Some future
work could include another study of sulfur sensitization such as this, but at
a high level of iodide, such as 10 mole %. There are several other related
problems that were observed in this project that deserve mention.
During the work on the electron microscope, an interesting phenomenon
was noted. There seemed to be movement of the AgX crystal immediately before
photolysis. I tried to make sure that I was not confusing this movement with
thermal drift, and I do not believe they are connected. Since the sample grids
used a Formvar plastic layer, the electron beam could cause the layer to expand
and contract, thereby moving the image. Dr. Schumann suggested examining the
difference between the crystal momentum and the electron momentum to see if move
ment was possible. During photolysis, bromine is released when the silver is
formed, and movement waS calculated to be theoretically possible. The movement
was no more than 0.025 microns, but it was quick and erratic, unlike thermal
drift. Dr. Jack Hamilton from the Kodak Research Labs has stated that this
movement has been seen before, but no explanation was offered.
APPENDIX
GRAPH 1 - Bleaching of the surface latent image for Kodak Fine Grain
Positive Emulsion. Development Design Testing.
PRINT 1 - AgBr crystals
, 72,000 X
PRINT 2 - AgBrI crystals
PRINT 3 - AgBr crystals 125,000 X
PRINT U - AgBrI crystals 28,000 X
PRINT 5 - AgBr crystals 28,000 X
Definition of Emulsion Speed :
Speed point = 0.1 above base plus fog density
Relative Speed c 8 * 10 ^ / Speed Point Exposure
6 enchivca o : -the. Sun-race. LcAerct. \
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